ABSTRACT -Context -Non-alcoholic fatty liver disease is characterized by lipid deposits in the hepatocytes and has been associated with obesity, dyslipidemia and type-2 diabetes. It is considered a hepatic manifestation of the metabolic syndrome, of which the main component is insulin resistance leading to hyperinsulinemia and increased production of inflammatory cytokines. Saturated fat promotes hypertriglyceridemia and hyperinsulinemia, reduces levels of high-density cholesterol and increases levels of low-density cholesterol, while polyunsaturated fat is associated with hypolipidemic, antiinflammatory and imunoregulating action. ObjectiveTo evaluate the hepatic and biochemical repercussions of a polyunsaturated fat-rich diet in Wistar rats. Methods -Twenty-two rats were distributed equally in two groups: GI -standard diet (Biobase Bio-tec Ratos e Camundongos ® ) providing 3.000 kcal/kg and GII -hypercaloric and hyperlipidic diet providing 4.250 kcal/kg (ω-6:ω-3 = 3:1). The animals were euthanized after 23 weeks of experiment. The weight, biochemical parameters and hepatohistological changes were registered. Results -Findings were submitted to variance analysis with the level of statistical significance at 5%. The average weight did not differ significantly between the groups at baseline (P = 0.711), but was greater in Group II by the end of the experiment (P = 0.000). The levels of triglycerides (P = 0.039), total cholesterol (P = 0.015) and HDL (P = 0.005) were higher in Group I than in Group II. Macrovesicular steatosis was significantly more common in Group II than in Group I (P = 0.03). Conclusion -Hypercaloric and hyperlipidic diet rich in polyunsaturated fat promotes weight gain and favors the development of hepatic steatosis while reducing serum levels of triglycerides, total cholesterol and HDL.
INTRODUCTION
A fat-rich diet is a risk factor for obesity (16) . Extensive research has shown that dietary fat affects a range of metabolic functions, depending on the quantity and composition of fatty acids (9) . Diets rich in polyunsaturated fat (PUFA), especially ω-3 and ω-9, are associated with hypolipidemic, antiinflammatory and imunoregulating action. On the other hand, saturated fats and trans fats are known to promote hypertriglyceridemia and hyperinsulinemia, reduce levels of high-density cholesterol (HDL) and increase levels of low-density cholesterol (LDL) (18) . Non-alcoholic fatty liver disease (NAFLD) is the most common type of chronic liver injury in many countries (3, 13) . Manifestations range from simple steatosis to non-alcoholic steatohepatitis (NASH) to fibrosis, cirrhosis and hepatocellular carcinoma (27) . The prevalence of NAFLD, which is currently 15%−40% among Western populations and 9%−40% among Asian populations (14) , has increased dramatically over the past 15 years, mostly due to its association with the world's two largest current epidemics: obesity and type-2 diabetes mellitus (DM2) (1) . Current research on nutritional change is revealing the important role played by NAFLD in metabolic and cardiovascular complications. NAFLD is considered a hepatic manifestation of the metabolic syndrome, of which the main component is insulin resistance followed by hiperinsulinemia (4, 19, 25, 32) and is characterized by increased uptake, synthesis and accumulation of fatty acids in the hepatocytes, leading to lipogenesis and fatty liver (3) . In addition, mitochondrial oxidation defects can cause the fatty acid synthesis to increase to the detriment of triacylglycerol secretion, thereby contributing to hepatic steatosis (30) . Hyperinsulinemia also induces oxidative stress with the consequent peroxidation of lipids in the hepatocyte membrane and production of cytokines, especially tumor necrosis factor-alpha (TNF-α) (3, 36) . Recent studies have shown that the adipose tissue secretes not only inflammatory cytokines such as interleukin-6 (IL-6) and TNF-α, but also adiponectin-an, insulin-sensitizing and antiinflammatory adipocytokine with multiple beneficial effects on the clinical complications of obesity (24) . The hepatoprotective action of adiponectin has been described in several clinical and experimental studies. Low serum levels of adiponectin in obese humans constitute an independent risk factor for NAFLD, including hepatic dysfunction of variable severity (39) . Thus, in one study, patients with NASH experienced a reduction of over 50% in adiponectin levels compared to normals (22) . Adiponectin levels are reported to decline by 20%−40% during the transition from simple steatosis to steatohepatitis (22, 37) . In patients with NASH, very low levels of adiponectin have been associated with severe inflammation, suggesting that adiponectin deficiency is an important risk factor for the development of steatosis, steatohepatitis and other forms of liver damage (5) . Since hypercaloric and hyperlipidic diets can induce liver damage, dyslipidemia and DM2, it may be hypothesized that PUFA-rich diets (containing ω-3 and ω-9) offer cardiovascular, hepatic and metabolic protection. Thus, the present study was designed to evaluate the hepatic and biochemical repercussions of a polyunsaturated fat-rich, hypercaloric and hyperlipidic diet in Wistar rats.
METHODS

Animals and diets
The study was previously approved by the Federal University of Ceará (UFC), Fortaleza, CE, Brazil, Ethics Committee for Animal Research (CEPA/UFC) under protocol #11/06 and was conducted according to the International Guiding Principles for Biomedical Research Involving Animals (CIOMS, 1985) .
Twenty-two, 180-250 g, 8-week-old male Wistar rats (Rattus norvegicus albinus, Mammalia, Rodentia, Muridae) supplied by the UFC laboratory animal facility were used in the experiments. During the adaptation period, the rats were dewormed with pyrantel pamoate and oxantel pamoate (Basken ® ) at 1 mL/kg. The animals were randomly assigned to two groups at 8 weeks of life, accommodated in individual cages and euthanized in the 23rd week of the experiment. All animals had access to food and water ad libitum.
Group I (GI): Control group of 11 animals receiving standard diet. The diet (Biobase Bio-tec Ratos e Camundongos ® ) provided a total of 3.000 kcal/kg (Tables 1 and 2 ).
Group II (GII):
Treatment group of 11 animals receiving a hypercaloric and hyperlipidic diet. The diet consisted of 15 g standard diet + 20 g Nutri Diabetic ® + 5 mL canola oil and was rich in polyunsaturated fat and omega fatty acids, providing a total of 4.250 kcal/kg (Tables 2 and 3 ).
Euthanasia and collection of blood and liver samples
Following anesthesia by intraperitoneal injection of 80 mg/kg ketamine and 8 mg/kg xylazine, the animals were placed in dorsal decubitus on a wooden board with all four limbs immobilized and submitted to laparotomy by xyphopubic median incision and exposure of the abdominal cavity. Blood was collected from the abdominal aorta and tested biochemically for glycemia, uric acid, aspartate transaminase (AST), alanine transaminase (ALT), gammaglutamyl transpeptidase (GGT), triglycerides, HDL and total cholesterol. Subsequently, a 1-cm 3 liver fragment retrieved by left hepatectomy was submitted to anatomopathological analysis at the Department of Pathology and Legal Medicine (School of Medicine, UFC). Finally, euthanasia was induced by aortic bleeding.
Histological study of liver samples
Following fixation in 10% formaldehyde, the liver samples were embedded in paraffin and stained with hematoxylineosin (H-E). Hepatic steatosis was classified in four grades based on the histological findings (Table 4 ) (8) .
Statistical analysis
The statistical analysis was performed with the software SPSS v. 16 
RESULTS
Biochemical analysis
The tests revealed statistically significant differences between Group I and Group II with regard to the levels of triglycerides (P = 0.039), total cholesterol (P = 0.015) and HDL (P = 0.005) ( Table 5 ).
Weight distribution
The average weight did not differ significantly between the groups at baseline (P = 0.711), but was greater in Group II by the end of the experiment (P = 0.000) ( Table 6 ).
Anatomopathological findings
The number of animals with macrovesicular steatosis was significantly greater in Group II (HD) than in Group I (P = 0.03) ( Table 7 ; Figures 1 and 2 
DISCUSSION
Recent research has drawn attention to the association between NAFLD and a number of health problems, including obesity, dyslipidemia, type-2 diabetes and cancer. The pathogenesis of NAFLD is not completely understood, but insulin resistance, oxidative stress and inflammation all play an important role in the development and progression of the disorder (23, 26, 29) . In addition, unusually high levels of circulating free fatty acids have been correlated with NAFLD severity (15) . Changes in dietary fat composition can affect metabolic functions and lead to changes in body weight and composition (28) . In the present study, animals fed with a PUFA-rich diet displayed significant weight gain, as observed in other studies (18) . PUFA-rich diets have been associated with reduced food intake (17) , probably, because animals receiving high-fat diets, as opposed to high-calorie diets, require less energy for lipid deposition (34) . In addition, epidemiological studies have found an inverse relation between the incidence of cardiovascular disease and the intake of ω-3 PUFA (21, 31) . The effect of different types of PUFA on body adiposity has been the object of much controversy. PUFA-rich diets with large amounts of ω-3 and ω-6 were recently reported, respectively, to reduce lipolysis and increase dietary lipid uptake in the adipose tissue. Both fatty acids caused changes in liver metabolism and favored lipid deposition (17) . The levels of triglycerides, total cholesterol and HDL were lower in animals receiving the enhanced diet (Table 5) . Positive effects of ω-3 fatty acids on the reduction of triglycerides and total cholesterol serum levels have been reported in several other studies using animal or human models (2, 33) . Omega-3 fatty acids can inhibit the activity of diacylglycerol acyltransferase-a catalyst of triglyceride synthesis (35) . Rats fed with ω-3 fatty acid have been shown to have reduced total cholesterol serum levels due to increased biliary cholesterol excretion (6) . C-reactive protein (CRP) is produced in the liver. However, high CRP serum levels are considered a non-specific indicator of inflammation. Contrary to expectations, all the animals in our study had CRP levels below 0.5 mg/dL. Higher levels were expected, especially in Group II, due to the increased intake of calories and fat, greater weight and consequently greater probability of inflammation. The low CRP levels observed may be attributed to the antiinflammatory action of ω-3 fatty acids (38) . The study diet was expected to produce a protective effect on the liver, but the histological analysis showed steatosis to be statistically more predominant in Group II than in Group I (Table 7) . Possibly, the lower adiponectin levels in the significantly heavier animals of Group II may not have been sufficiently insulin-sensitizing and antiinflammatory to prevent the development of NAFLD.
Studies using rats have shown that lipid deposition in the liver is related to oxidative stress and that lipid peroxidation increases in proportion to the severity of hepatic steatosis (12) . This may explain why hepatic steatosis was observed in a much greater proportion of the animals receiving hypercaloric and hyperlipidic food (72.7%) than in animals receiving the standard diet (18.2%). In other words, the risk of steatosis was greater in the treatment group because lipid peroxidation favors the development of NASH (11, 23) . Interestingly, though hepatic steatosis is often associated with slightly or moderately increased levels of ALT and AST (10) , both parameters remained normal in Group II.
Confirming the findings of other researchers (7, 20) , our study shows that although diets rich in polyunsaturated fatty acids improve the serum lipid profile, they can also cause undesirable changes in hepatic metabolism and lipid deposition.
